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Mixture dielectric constants Em have been measured for the binaries of toluene with chlorobenzene, 11-hexanol
and benzyl alcohol at 30°, 40°, 50° and 60°C. The values of Em have also been calculated using Frohlich equation
as well as an equation based on significant liquid structure (SLS) concepts using pure component properties only for
the binaries studied. A comparison of the calculated and experimental data shows that the SLS equation gives
better results than Frohlich equation. A relation between the Frohlich correlation parameter(g) and SLS correlation
parameter (G) has been established and their physical significance discussed.
ITis well known that for associated liquids, theKirkwood- and Frohlich 2 treatments are moreappropriate for the study of their dielectric
behaviour, but require a detailed knowledge of the
liquid structure before the correlation parameter (g)
may be calculated. Such liquids have also been
treated with success by applying the concept of signi-
ficant liquid structure theory (SLS)3, provided the
parameters involved are known with sufficient accu-
racy. Thus, the mixtures in which the molecules of
one or more of the components are strongly polar,
show self-association or interact mutually with
those of other components resulting in intermole-
cular hydrogen bonding, solvation and adduct for-
mation and involve non-idealities in their dielectric
behaviour which is yet to be dealt with satisfactorily.
In view of the above, this paper presents the ex-
perimental data on dielectric constant of the title
binary mixtures of varying compositions at different
temperatures. An attempt has been made to com-
pare the correlative ability of the Frohlich and SLS
equations for liquid mixtures using only pure com-
ponent data.
Materials and Methods
Toluene, chlorobenzene, n-hexanol and benzyl
alcohol (all BDH) were purified, whenever necessary
by recommended procedures" and their purity
checked by comparing the measured densities, vis-
cosities and refractive indices at 25°C with those
reported in literature (Table 1).
In order to prepare a binary mixture, required
volumes of pure components were weighed, thermos-
tated at the desired temperature, mixed thoroughly
and the mixtures thermo stated again. While pre-
paring different binaries, care was taken to follow
the same procedure throughout the work.
The dielectric measurements were carried out
employing Toshniwal dipolmeter type RLO 9 which
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TABLE 1 - DENSITY, REFRACTIVE INDEX AND VISCOSITY OF
PURE COMPONENTS OF BINARIES STUDIED AT 25°C
Solvent
Toluene
Viscosity
(cP)
0.5521
(0.5516)"
0.7581
(0.7580)"
4.5917
(4.5920)'
4.6480
(4.6500)'
(at 30°)
(Literature values are given in parentheses)
Density (g mI-1) Refractive
index
0.86232
(0.86231)'
1.10112
(1.10110)"
0.81601
(0.81590)'
1.04129
(1.04127)'
1.49415
(1.49413)'
1.52165
(1.52160)1
1.41610
(1.41610)'
1.53840
(1.53837)4
Chloro benzene
n-Hexanol
Benzyl alcohol
worked on heterodyne beat principle. Initially a
calibration curve was prepared by plotting the dial
readings of the dipolmeter against the corresponding
known dielectric constants. The values of the dielec-
tric constants of selected pure liquids and their binary
mixtures at different temperatures were then deter-
mined from such calibration curve. The measured
dielectric constants were accurate to 2%. The
temperature variations were limited to ±O.l°C in
each case. Further the densities required to obtain
corresponding molar volumes (V) at different tem-
peratures were measured using specific gravity bottle
following the standard procedures. The refractive
indices, no at desired temperature were obtained from
a smoothed curve obtained by plotting no - tem-
perature data taken from published literaturev=".
Results and Discussion
For pure polar liquids, the Frohlich equation takes
the following form= (Eq. 1)
(E - n2) 1 e(n2 + 2)2 471:n' g p.2
(2E+n2) - --;;;- 3(2e + n2)2. 3kT ... (1)
where E is the dielectric constant, EO is the permi-
tivity of free space, n is the refractive index, g is
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the correlation parameter, I' is the dipole mome~t
of free molecule, k is the Boltzman constant, T IS
temperature and n' is the number of molecules ~er
unit volume of the liquid. Equation (1) can easily
be extended to liquid mixtures=. On rearrangement,
such a mixture equation for binaries is written as
(Em-n~) (2Em + n:') Vm (. 3 )2£0
3Em 4rr;N n2m+2
_ q,]glp.i + q,2gz 1'22 (2)
- 3kT 3k T ...
where N is the Avogadro's number and ,p is the
volume fraction while the SUbscripts In, 1 and 2 re-
present mixture and components 1 and 2 respectively.
In Eq. (2), Tlm and Vm are given in terms of the pure
component properties and mole fraction (X) as an
approximation by9b
11m= Xi 11]+ 2XIX2 (111112)1/2+ X22n2 .•• (3)
Vm = XlVI + X2V2 ••• (4)
The correlation parameter (g) of a pure liquid can be
evaluated from Eq, (1) using required values of E, n,
V and 1" .
Using the values of pure component properties
from Table 2 and the relevant values ofg from
Table 3, Em for different compositions and tempera-
tures of the binary systems studied were calculated
from Eqs (2), (3) and (4) and are plotted in Fig. 1.
For comparison, experimental Em values are also
plotted in Figs 1 to 4. .
The per cent average deviations (% (jav) as listed
in Table 4 are less than ±2.0 for toluene (1) + chloro-
benzene (2), ± 13.2 for toluene (1) + benzyl alcohol
(2) and as high as ± 48.2 for toluene (1) + 11-hexanol
(2) in the temperature range studied.
With a view to applying the concept of SLS theory
to dielectric constant data for the binaries studied
Eq. (5)9b was used
310m (10m - nm2) 4rcN [€m(n2m+2) J2
(2Em + nm2) = (X1VI+X2V2) (2Em+nm2)
[
XIVSl + X2VS2 (Xi p.iGl + X~p.~G2 +2XlX2XlVI + X2V2 kT kT
p.kfZ (G1G2)1/2) + (,I XIV'I + X2V'2 )
. XlVI + X2V2
( p.i - p.~)JXl 3kT + X23kT ... (5)
In Eq. (5), V, is the molar volume of a substance
just before melting, V is the molar volume at the
temperature of investigation and G is the correlation
parameter. All other terms have been defined earlier.
For each pure liquid, the value of V. was obtained
by the method of Singh and Sinha'v and that of G
at each temperature was calculated by Eq. (5) as
modified to apply for pure liquids. The values of
V. and G so determined and listed in Tables 2 and 3
respectively, were used to calculate Em from Eq. (5)
TABLE 2 - VALUES OF MOLAR VOLUME, REFRACTIVE INDEX, VS,
DIPOLE MOMENT AND MOLECULAR WEIGHT FOR SELECTED
LIQUIDS
Parameters Temp. Toluene Chloro- n-Hexanol Benzyl
eC) benzene alcohol
V(cm3 mol-l) 30 106.28 102.32 125.60 103.79
40 107.80 102.89 126.07 104.12
50 108.44 103.38 126.67 1M,48
60 108.72 103.85 127.18 104.84
l1D 30 1.4918 1.5194 1.4140 1.5349
40 1.4862 1.5143 1.4100 1.5321
50 1.4810 1.5091 1.4059 1.5281
60 1.4760 1.5045 1.4018, 1.5241
Vs(cm3mol-1 89.53b 89.50b 110.40b 94.80b
(L(Debye)a 0.31 1.54 1.55 1.66
Ma 72.142 112.560 120.178 108.141
(alRef.4; (blref. 10.
TABLE 3 - VALUES OF ADJUSTABLE PARAMETER (g) IN Eq. (2)
AND (G) IN EQ. (5) FOR SELECTED LIQUIDS AT DIFFERENT
TEMPERATURES
Temp. Toluene" Chloro- n-Hexanol* Benzyl
(0C) benzene* alcohol
PARAMETER (g)
30 0.65 0.85 3.69 2.08
40 0.70 0.88 3.49 1.97
50 0.78 0.90 3.37 1.90
60 0.86 0.91 3.28 1.86
PARAMETER (G)
30 0.20 0.28 1.36 0.73
40 0.21 0.29 1.28 0.69
50 0.24 0.30 1.24 0.66
60 0.28 0.30 1.21 0.65
*Data taken from ref. 12.
for different compositions and temperatures of the
binaries studied. The values of Em SO calculated
are plotted in Fig. 1. The maximum % (jav from
Table 4 for toluene (1) + chlorobenzene (2), toluene
(1) + n-hexanol (2) and toluene (1) + benzyl alcohol
(2) are ± 8.8, ± 1.9 and ± 11.3 respectively.
Though Eqs (2) and (5) contain only one adjust-
able parameter and use only pure component data to
calculate Em, a comparison shows that %(jav given
by Eq. (5) is much smaller for toluene (1) +
n-hexanol (2), comparable for toluene (1) + benzyl
alcohol (2) and somewhat higher only for toluene
(1) + chlorobenzene (2). Moreover, it may be noted
that for the binaries studied, Eq. (5) always gave
% (jav less than ± 11.3 while Eq. (2) gave~1o (jav as
high as ±48.2. The plots in Fig. 1 reveal that Eq. (2)
deviates in a biased manner for each binary at each
temperature studied whereas Eq. (5) shows random
deviations at least for toluene (1) + 11-hexanol (2).
Such' deviations occur because of the fact that the
degree of hindered rotation for the molecules in pure
-liquids or in other words the correlation parameter
g as well as G is not the same as in mixtures through-
out the composition range and Eqs. (2) and (5) both
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Fig. 1 - Experimental and calculated mixture dielectric constant Em for different binary systems at (1) 30°; (2) 40°; (3) 50°;
and (4) 60° [(A) Toluene (1) + chlorobenzene (2); (B) toluene (1) + »-hexancl (2); and (C) toluene (1) -l-benzyl alcohol(2)]
are efforts to approximate the actual situation.
Nevertheless Eq. (5) gives a better correlative ability
in comparison to Eq. (2).
The Frohlich's model" as given by Eq. (2)
assumes that the molecules in a liquid system can
be treated as point dipoles embedded in a sphere
of isotropic polarizable material. But in our
case, this model does not satisfactorily approxi-
mate the reality because the molecules of the pure
components, viz. toluene, chlorobenzene, benzyl
alcohol and n-hexanol are polarizable as well as
non-spherical and show molecular interactions
and hence shows large deviation for associated
binary mixtures as evidenced by % aav = ± 48.2
for toluene (1) + n-hexanol (2) system. On the
other hand, Eq. (5) as an improvement over Eq.
(2) for associated liquid mixtures, is based on the
pconcet of significant liquid structure theory which
apportions the mixture properties on the basis
of solid-like as well as gas-like degrees of freedom.
It takes care of hydrogen bonding in a more rea-
listic manner by associating G factor with solid-
like degrees of freedom only as evidenced by the
smaller value of % aav for associated binary
mixtures studied.
In order to have further idea about short range
solute-solvent interactions as manifested by the
extent of hydrogen-bonding in the binary liquid-
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mixtures studied, the variation of experimental
values of Em with mixture composition was assess-
ed by determining the values of excess dielectric
constant EE as defined by
eE = (em)expt - (X1El + X2E2) ... (6)
The values of e;'ax and (Xl)max corresponding to
extrema in eE versus Xl plots and determined
graphically are listed in Table 5. It may be seen
that all the three binaries studied show negative
deviation from ideality. However, toluene (1)
+ cblorobenzene (2) binary gives small (-eE )max
while toluene (1) + benzyl alcohol (2) and toluene
(1) + n-hexanol(2) binaries give rather large
(-e~ax)' Also, for toluene (1) + chlorobenzene
(2) binary, (-e~a) increases with temperature
while for the other two, it decreases with tempe-
rature. These observations reveal that toluene(l)
+ chlorobenzene (2) binary, having no hydrogen-
bonding, possesses anti parallel arrangement of
dipoles with reduced effective molecular dipole
moment leading to negative deviation in Em from
ideality. The variation trend of (eE ) with tem-
ma x
perature indicates that the antiparallel arrange-
ment of dipoles is favoured at higher temperature.
While in toluene (1) + benzyl alcohol (2) and
toluene (1) + n-hexanol (2) binaries in which the
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Eq. (11) is a known consequencer-P and shows the
consistency of Eq. (8). In view of the fact that Vs/V
< 1 and 3Vs/V >1 for liquids in general, Eq. (8)
indicates that G should be less than g at each tem-
perature studied. Moreover, recalling that G is
also a measure of the close range specific molecular
interactions, its magnitude should follow the same
order as g. A close observation of Table 3 confirms
these conclusions.
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